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Description 

Background of the Invention 

[0001] This invention relates to tissue supporting s 
devices in general and most particularly to vascular 
stents for placement in blood vessels. A primary feature 
of the devices of this invention is that they are expanda- 
ble within the body. 

[0002] In the past, such devices have been provided w 
for implantation within body passageways. These 
devices have been characterized by the ability to be 
enlarged radially, often having been introduced into the 
desired position in the body as by percutaneous tech- 
niques or surgical techniqjes. is 
[0003] These devices are either expanded mechani- 
cally, such as by expansion of a balloon positioned 
inside the device, or are capable of releasing stored 
energy to self-expand themselves within the body. 
[0004] References designated as defining the general 20 
state of the art but not considered to be of particular rel- 
evance to the invention disclosed and claimed herein 
are as follows. French Patent 2,617,721 appears to dis- 
close a catheter used for permanently dilating a steno- 
sis in a tubular organ or Wood vessel. WO94/03127 25 
appears to disclose a prosthetic device for sustaining a 
blood vessel or hollow organ lumen comprising a tubu- 
lar wire frame. European Patent Application 364,787 
and European Patent Application 335,341 appear to 
disclose expandable intraluminal vascular grafts. 30 
WO92/19310 appears to disclose a tissue supporting 
device of a shape memory alloy. U.S. Patent 5,147,370 
appears to disclose a nrtinol stent for hollow body con- 
duits. UK Patent 2.175.824A appears to disclose a 
method of producing a composite metal material and a 35 
billet for jet engine turbine blades, armor, helicopter 
rotor blades, car suspension stress parts or sword 
blades made of said composite material. 
[0005] The materials which have been used to make 
up these devices have included ordinary metals, shape 40 
memory alloys, various plastics, both biodegradable 
and not, and the like. 

[0006] This invention is concerned with the use of 
these materials in a new multiple component arrange- 
ment which allows for initial self-expansion and subse- as 
quent deformation to a final enlarged diameter in the 
body. 

[0007] Balloon expandable stents do not always 
expand uniformly around their circumference. As a 
result, healing may not take place in a consistent man- 50 
ner. If the stent is coated or covered, non-uniform 
expansion may tear the covering or coating. Addition- 
ally, long stents of this type may require long balloons 
which can be difficult to handle, difficult to size, and may 
not offer ideal performance in tortuous passages in ss 
blood vessels and the like. 

[0008] Thus, when addressing such issues, self- 
expandable stents have been thought to be generally 


more desirable. Unfortunately, one cannot control the 
degree of expansion and hence the degree of embed- 
ment in the vessel wall. It has been determined that a 
stent must be embedded to some degree to be clinically 
satisfactory. 

[0009] The stents of the present invention provide the 
best features of both of these types of stents without 
their drawbacks. 

Summary of the Invention 

[001 0] The tissue supporting devices of this invention 
are generally cylindrical or tubular in overall shape and 
of such a configuration as to allow radial expansion for 
enlargement They are often referred to herein in the 
general sense as "stents". Furthermore, the devices are 
comprised of at least one component, element, constit- 
uent or portion which exhibits a tendency to self -expand 
the device to an expanded size and at least one other 
component, element, constituent or portion which is 
deformable so as to allow an external force, such as a 
balloon positioned within the body of the device, to fur- 
ther expand it to a final, larger desired expanded size. 
The terms "component", "element", "constituent" and 
"portion" are often referred to herein collectively as "por- 
tion", 

[P011] Preferably, the devices of the invention are 
made of metal and most preferably of shape memory 
alloys. 

[001 2] In one embocfiment, a first portion is a resilient 
spring-like metal for serf-expansion and a second por- 
tion is a deformable metal for final sizing. In a more pre- 
ferred shape memory embodiment, a first portion is a 
self-expand ng austenrtic one and a second is a marten- 
sitic one capable of deformation. In the case of shape 
memory embodiments the "portions" may be discrete or 
merely different phases of an alloy. 
[0013] The most preferred embodiment of the inven- 
tion is a stent, preferably of shape memory alloy. The 
most preferred shape memory alloy is Ni-Ti, although 
any of the other known shape memory alloys may be 
used as well. Such other alloys include: Au-Cd, Cu-Zn, 
In-Tl, Cu-Zn- Al. Ti-Nb, Au-Cu-Zn, Cu-Zn-Sn, Cu-Zn-Si, 
Cu-AI-Ni, Ag-Cd, Cu-Sn, Cu-Zn-Ga, Ni-AI, Fe-Pt, U-Nb, 
H-Pd-Ni, Fe-Mn-Si, and the like. These alloys may also 
be doped with small amounts of other elements for var- 
ious property mocfif ications as may be desired and as i- 
known in the art 

[0014] The invention will be specifically described 
hereinbelcw with reference to stents, a preferred 
embodiment of the invention although it is broadly appli- 
cable to tissue support devices in general. 

Brief Description of the Fiaures 

[0015] 

Figure 1 is a braided stent according to one embod- 


2 


3 


EP0759 730B1 


4 


iment of this invention. 

Figure 2 is a graph showing the martensftic/auste- 
nrtic temperature transformation curve and the 
superelastic area of a shape memory alloy. 
Figures 3 is an end view of a layered stent having 
two discrete components according to one aspect 
of this invention. 

Figures 4a and 4b are graphs showing the marten- 
srtic/austenitic temperature transformation curves 
of the layers in the stent of Figure 3. 
Figure 5a and 5b are views of another embodiment 
of the invention comprised of alternating rings of 
shape memory alloy. 

Figure 6 is a showing of a stent fragment of a 
braided version of a shape memory stent of this 
invention. 

Figure 7 is a graph showing a temperature window 
for a shape memory alloy to be used in yet another 
stent version of this invention. 
Figure 7a is a graph showing expansion of a stent 
with temperature. 

Figure 7b is a graph of the same type, the stent hav- 
ing been cold-worked. 

Figure 7c is a graph of the same type, the stent hav- 
ing had pseudoelastic prestraining. 
Figure 7d is a graph of the same type, the stent hav- 
ing amnesia inducement. 

Figures 8-1 1 show various expandable conf igura- 
tions (closed and open) illustrated in fragment 
which may be used in the stents of this invention. 
Figures 9a and 9b show a preferred embodiment of 
an articulated stent 

Figure 12 shows another version of an expandable 
stent of the invention. 

Figure 13 shows yet another version of: a stent 

which may be used with the invention. 

Figure 14 is a schematic showing of a braided stent 

made up of a plurality of strands. 

Figure 1 5 is a detail of a single strand from the stent 

of Figure 14 showing that the strand is made up of 

a plurality of wires of two different types. 

Figure 16 is a cross-sectional view taken along line 

16-16 of Figure 15 showing the two different types 

of wire. 

Detailed Description of t he Invention 

[0016] Preferred embodiments of this invention are 
described below with particular reference to the accom- 
panying drawing Figures. 

[001 7] Referring first to the embodiment shown in Fig- 
ure 1 , a stent 10 is shown comprised of braided or inter- 
woven metal strands 12 and 14. Strands 12 are of a 
resilient spring-like metal such as spring steel, Elgiloy® 
for example. Preferably strands 12 are spirally extend- 
ing in the same direction, spiraling to the right as seen 
in Figure 1 . Strands 14 are of a deformable or annealed 
metal such as stainless steel and are preferably spiral ed 


in the opposite direction as strands 12, as shown in Fig- 
ure 1. 

[0018] Given such a stent construction of two compo- 
nents i.e., strands 12 and 14, it can be seen that stent 

s 1 0 may be readily loaded on a catheter as by placing it 
over an uninflated balloon on a balloon catheter and 
compressing it tightly around the balloon and then plac- 
ing a sheath over the stent to hold it in place during the 
transluminal placement procedure. Once in place, the 

10 sheath is removed, for example slid back, to expose the 
stent, allowing it to self-expand by force of the resilient 
strands 12 to substantially assume a self-expanded 
shape/size. Some self-expansion may be restrained if 
held back by strands 14. To finally adjust the size of the 

is stent, the balloon may be expanded by inflation from 
within the stent to exert an outward radial force on the 
stent and farther enlarge ft by stretching and deforming 
the deformable metal of strands 14. This may be aided 
by building into strands 14, a series of readily deforma- 

20 ble structures or means such as bends or kinks 16 as 
shown in Figure 1. It can be seen that a permanent 
adjustable size beyond the self-expanded size may be 
obtained with this embodiment, h is to be noted that 
many configurations other than braided may be readily 

25 devised to take advantage of this two component con- 
cept, including various of the subsequent configurations 
described hereirtbelow. Also, it should be noted that, 
although not preferred, the stent may be initially 
deployed without a balloon; the balloon following on a 

30 separate catheter. 

[0019] Referring now to subsequent features, other 
preferred embodiments of the invention will be 
described which make use of shape memory alloys and 
some of their unique properties, primarily their special 

35 . types of deformation i.e., shape memory deformation in 
martensrte and/or superelastic deformation in austenite. 
[0020] The term "superelastidty" is used to descrfoe 
the property of certain shape memory alloys to return to 
their original shape upon unloading after a substantial 

40 deformation while in their austenitic state. Superelastic 
alloys can be strained while in their austenitic state 
more than ordinary spring materials without being plas- 
tically deformed. This unusually targe elasticity in the 
austenitic state is also called "pseudoeJasticrty", 

45 because the mechanism is nonconventional in nature, 
or is also sometimes referred to as Transformational 
superelastidty". because it is caused by a stress 
induced phase transformation. Alloys that show super 
lasticity also undergo a thermoelastic martensrtic trans- 

so formation which is also the prerequisite for the shape 
memory effect Superelastidty and shape memory 
effects are therefore closely related. Superelastidty can 
even be considered part of the shape memory effect 
[0021] The shape memory and superelastidty effects 

55 are particularly pronounced in Ni-Ti alloys. This applica- 
tion will therefore focus on these alloys as the preferred 
shape memory alloys. The shape memory effect in Ni-Ti 
alloys has been described many times and is well 


3 


5 


EP0759 730B1 


6 


known. 

[0022] In near-equiatomic Ni-71 alloys, martensrte 
forms on cooling from the body centered cubic high 
temperature phase, termed austenrte, by a shear type 
of process. This martensitic phase is heavily twinned. In s 
the absence of any externally applied force transforma- 
tion takes place with almost no external macroscopic 
shape change. The martensite can be easily deformed 
by a Hipping over" type of shear until a single orienta- 
tion is achieved. This process is also called "detwin- w 
ning". 

[0023] If a deformed martensite is now heated, it 
reverts to austenrte. The crystallographic restrictions 
are such that it transforms back to the initial orientation 
thereby restoring the original shape Thus, if a straight is 
piece of wire in the austenitic condition is cooled to form 
martensite it remains straight. If it is now deformed by 
bending, the twinned martensite is converted to 
deformed martensite. On heating, the transformation 
back to austenrte occurs and the bent wire becomes 20 
straight again. This process illustrates the shape mem- 
ory deformation referred to above. 
[0024] The transformation from austenrte to marten- 
site and the reverse transformation from martensrte to 
austenrte do not take place at the same temperature. A 25 
plot of the volume fraction of austenrte as a function of 
temperature provides a curve of the type shown sche- 
matically in Fig. 2. The complete transformation cycle is 
characterized by the following temperatures: austenrte 
start temperature (AJ, austenrte finish temperature (A f ), 30 
both of which are involved in the first part (1) of an 
increasing temperature cycle and martensrte start tem- 
perature (M^ and martensrte finish temperature (M f ), 
both of which are involved in the second part (2) of a 
decreasing temperature cycle. w - . ■ 35 

[0025] Figure 2 represents the transformation cycle 
without applied stress. However, if a stress is applied in 
the temperature range between Ag and martensrte 
can be stress-induced. Stress induced martensite is 
deformed by detwinning as described above. Less 40 
energy is needed to stress induce and deform marten- 
srte than to deform the austenrte by conventional mech- 
anisms Up to about 8% strain can be accommodated 
by this process (single crystals of specific alloys can 
show as much as about 25% pseudoelastic strain in as 
certain directions). As austenrte is the thermodynami- 
cally stable phase at temperatures betwoen As ary* \K- 
under no-load conditions, the materia! springs back into 
its original shape when the stress is no longer applied. 
[0026] ft becomes increasingly difficult to stress- so 
induce martensrte at increasing temperatures above Af. 
Eventually, it is easier to deform the material by conven- 
tional mechanisms (movement of the dislocation, slip) 
than by inducing and deforming martensite. The tem- 
perature at which martensrte can no longer be stress- ss 
induced is called Ma- Above Ni-Ti alloys are 
deformed like ordinary materials by slipping. 
[0027] Additional information regard ng shape mem- 


ory alloys is found in the following references, all of 
which are incorporated fully herein by reference: 

'Super Elastic Nickel-Titanium Wires" by Dieter 
Stdckel and Weikang Yu of Raychem Corporation, 
Merrio Park, California, copy received November 
1992; 

Metals Handbook. Tenth Edition, Vol. 2, Properties 
and Selection: Nonferrous Albvs and Special-Pur- 
pose Materials. "Shape Memory Alloys" by Hodg- 
son, Wu and Biermann, pp. 897 - 902; and, 
In Press, Titanium Handbook. ASM (1994), Section 
entitled "Structure and Properties of ThNi Alloys by 
T.W. Duerig and A.R. Petton. 

[0028] Since the most preferred shape memory alloy 
is Ni-Tl, the martensitic state of this alloy may be used 
to advantage in the two component concept of this 
invention. 

[0029] For example, with reference to Figure 3, a lay- 
ered construction may be provided in a stent 30 (shown 
in end view) which is generally a hollow cylindrical or 
tubular body in shape but which may be formed in a 
wide variety of specific configurations or patterns to fos- 
ter radial expansion of the body as exemplified in Fig- 
ures 1 , 5, 6 and in subsequent Figures 8-1 1 . 
[0030] Stent 30 is comprised of at least two layers 32 
and 34, one of which 32 is a Ni-Tl alloy (50.8 atomic wt. 
% Ni, balance Ti, transition temperature of Ap0° C) and 
normally in the austenitic state, the other of which 34 is 
a Ni-Tl (49.4 atomic wt % Ni, balance Ti, transition tem- 
perature Af = 60° C) and normally in the martensitic 
state. Preferably, the inner layer is 32 and the outer layer 
is 34. However, this may be reversed and also a plurality 
of layers, alternating or otherwise, may be utilized in this 
particular embodiment. 

[0031 ] Stent 30 is made to a fabricated size and shape 
(parent shape) which provides austenitic layer 32 its 
parent shape and size i.e.. its superelastic high temper- 
ature shape and size. Obviously, in its as fabricated con- 
dition, the Ni-Tl alloy of austenitic layer 32 is selected so 
as to have a transition temperature range between rts 
austenitic and martensitic states which is lower than 
body temperature as to ensure that in the body and at 
body temperatures the austenitic state will always pre- 
vail. 

[0032], On Ihe pther hand, martensitic layer 34 is of a 
Ni-Tt aifc^baving a transition temperature range agnfnV- 
cantly greater than body temperature so as to ensure 
that under body conditions the martensitic state will 
always prevail and the alloy will never transform to 
austenrte in stent use. This is shown in the graphs of 
Figure 4a and 4b which demonstrate the relative transi- 
tion temperatures of layers 32 and 34, respectively for 
purposes of this invention. It can be seen from these 
graphs that the normal condition of layer 32 (Figure 4a) 
at body temperatures and higher is the austenitic state 
while the normal condition of layer 34 (Figure 4b) at 
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body temperatures is martensitic. 
[0033] To manufacture the layered construction, one 
may make the austenrtic portion with any standard met- 
allurgical technique and vapor deposit the martensitic 
portion on its surface. Other manufacturing techniques 
such as diffusion bonding, welding, ion beam deposi- 
tion, and various others will be apparent to those famil- 
iar with this art. 

[0034] Such a stent may be compressed or con- 
strained (deformed to a small diameter) onto a balloon 
catheter as described for the previous embodiment and 
captured within a sheath. During the constrainment, 
austenrtic layer 32 may stress induce to a martensitic 
state. In the alternative, the stent may be cooled below 
the transition temperature of layer 32 to facilitate its 
deformation and constrainment. Martensitic layer 34 
merely undergoes deformation. Thus the stent may be 
"loaded" onto a balloon catheter. However, with temper- 
ature changes occurring up to body temperature, layer 
32 will remain martensite until the constraint is 
removed. When released in place in the body, stent 30 
will expand to a percentage of its self-expanded size 
and shape due to the transformation of layer 32 from 
martensite to austenrte at which point the balloon may 
be used to radially expand the stent to a greater perma- 
nent diameter by deforming martensitic layer 34. On the 
other hand, initial deployment can take place without a 
balloon which may be separately inserted after deploy- 
ment. 

[0035] The two component concept of the invention in 
the layered embodiment of Figure 3 requires both the 
martensitic and austenrtic phase characteristics of 
shape memory alloy(s) in the two discrete components 
32 and 34. 

[0036] Preferably, the stent is fabricated in such a way 
that the austenrtic layer 32 tends to serf-expand stent 30 
to a predetermined fabricated diameter (parent shape). 
The martensitic layer 34 tends to hold back this self- 
expansion, preventing fall expansion. For example, the 
stent may only be able to self-expand to 75% of its fall 
possible diameter (as determined by the austenrtic 
layer). Therefore, expansion beyond 75% is accom- 
plished by an applied external force, as by the balloon 
inside the stent. It is suggested that the stent not be 
expanded beyond its normal fabricated diameter for the 
austenrtic layer 32 will have the tendency of making the 
stent diameter smaller as it tries to recover its fabricated 
diameter (parent shape), ff the stent is subjected to a 
temperature above body temperature and above the 
transition temperature of the martensitic layer (which is 
clinically unlikely), the stent will self-expand to the fabri- 
cated diameter only. Depending on design size there 
are thus provided permanent stents capable of fulfilling 
any needed range of sizes with an adjustable sizing 
capability. 

[0037] As is known in the art, the desired properties of 
the shape memory alloys required for use in this inven- 
tion may be obtained by alloy composition and working 


8 

and heat treatment of the alloys, in various combina- 
tions or singly. 

[0038] Manufacturing techniques influence the phase 
characteristics of the material. Alloy composition, work 

5 history, and heat treatment all influence the final charac- 
teristics. At a specif ic operating temperature, say body 
temperature, the austenrte phase material will have a 
transition temperature below body temperature (i.e., 
Ap0°C). The material is capable of taking high strains 

ro and recovering after the load is released. The marten- 
site phase material will have a higher transition temper- 
ature than body temperature (i.e., Af=60°C), and is 
characteristically soft and pliable and retains the 
deformed shape after load removal. This martensite 

is deformation is caused by detwinning, not the typical 
plastic deformation, or yielding, of crystal slip. 
[0039] With reference to Figures 5 and 6, other stent 
constructions are shown which are similar to the layered 
version of Figure 3 in so far as utilization of the two com- 

20 ponerrt concept of this invention is concerned. 

[0040] Figure 5a and 5b shews a stent 50 made up of 
alternating expandable rings 52 and 54 of austenrtic and 
martensitic alloys, respectively, analogous to layers 32 
and 34 of the Figure 3 embedment Rings 52 and 54 for 

25 example are interconnected by strut members 56 which 
may be of any material capable of rigidly holding the 
rings together. Other irrterconnector means may be 
used. As can be seen in Figure 5b, the placement of 
stmt members 56 does not require them to take part in 

30 the radial expansion of the stent and they can therefore 
be of a relatively ordinary material such as stainless 
steel. 

[0041 ] Referring now to Figure 6, a braided or interwo- 
ven construction is shown similar in construction to that 

35 t of the embodiment of Figure 1. In this embodiment, 
strands 62 extending to the right in Figure 6 are an alloy 
in the austenrtic state whereas strands 64 extending to 
the left in Figure 6 are an alloy in the martensitic state. 
[0042] Referring now to the graph of Figure 7, it is 

40 demonstrated that the two component concept of the 
invention may be embodied in two phases, i.e., compo- 
nents of a single shape memory alloy and need not be 
in the form of two discrete components such as layers, 
members, wires, etc. In the graph of Figure 7, it can be 

45 seen that an alloy composition can be selected such 
that it has a phase transition temperature window that 
^ bounds the proposed operating temperatures of the 
stent, such as the normal body temperature' range. 
Within this transitional window or zone, the material 

so undergoes the phase transition and is effectively com- 
posrtionally comprised of a ratio of austenrtic to marten- 
sitic phase depending on the temperature of the stent. 
This ratio should be selected so as to provide sufficient 
radial force from the austenrte phase while still allowing 

55 for farther expansion of the martensite phase with a 
mechanical expansion means such as a balloon. 
Selecting body temperature as the operating tempera- 
ture, a Ni-Tl alloy of about 50/50 atomic wt. % composi- 
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tion (range about 49/51%) will provide an acceptable 
"window" for this embodiment, the two components are 
the austenite and martensite phases of the nitinol. 
[0043] The method of making a stent may be 
described as follows. Age the shape memory material s 
(Ni Tr) until body temperature falls somewhere within 
the transformation window. Therefore the stent will not 
fully recover to its high temperature shape at body tem- 
perature. An example of this technique is described 
below. 10 
[0044] A stent of tubular 50.8% Ni balance Tl was pre- 
pared having a 1 .5 mm diameter. It was substantially all 
austenite at room temperature, the Af being about 15- 
20°C and therefore being superelastic at room temper- 
ature. The stent was cooled to below room temperature is 
to form substantially all martensite and mechanically 
expanded to 4.7 mm in diameter, ft was maintained at 
the 4.7 mm in diameter and heat treated at 500°C for 30 
minutes and water quenched. Finally, it was again 
cooled to below room temperature to form substantially 20 
all martensite and compressed to a diameter of 1 .5 mm. 
After deployment and at body temperature the stent has 
a diameter of 3.5 mm. At about 70% of full expansion, 
i.e.. about 40°C it had a diameter of 4.5 mm and at 42°C 
it had a fully expanded diameter of 4.7 mm. 25 
[0045] This method works fairly well, but due to the 
slope of the temperature versus diameter plot being 
extremely vertical at body temperature, a small change 
in body temperature, or manufacturing control, can have 
a large impact on the actual self expansion diameter. As 30 
can be seen from Figure 7, the slope of the line between 
Af and Ag is rather steep with small changes in temper- 
ature leading to large changes in percent austenite and 
consequently large changes in diameter of a stent made 
of such an alloy. Figure 7a shows a temperature versus 35 
diameter plot Three methods of modifying the slope of 
the line on the temperature versus diameter graph are 
cokj work, pseudoelastic prestraining, and amnesia 
inducement, illustrated in Figures 7b, 7c and 7d. respec- 
tively. 40 

COLD WORK 

[0046] Residual cold work in nitinol draws out or 
masks the point of A, on the diameter versus the tern- 45 
perature curve. This is seen by the sluggish increase in 
diameter asjemperature increases in the last 20-30% of . 
recover. By utilizing the effects of cold work, the effects 
of temperature change on diameter can be reduced in 
the last 20 to 30% of stent expansion. Shown in Figure so 
7b is an example of a temperature versus diameter plot 
for a cold worked part. Figure 7a above shows an exam- 
ple of a part without cold work. 

PSEUDOELASTIC PRESTRAINING ss 

[0047] Utilizing the effects of pseudoelastic prestrain- 
ing (S. Eucken and T.W. Duerig, ACTA Metal. Vbl. 37. 


No 8, pp 2245-2252, 1 989) one can create two distinct 
plateaus in the stress-strain behavior. This difference in 
stress strain behaviors can be directly linked to two dis- 
tinct Af temperatures for the two plateaus. By placing 
the transition between the two plateaus at the transition 
from self expanding to balloon expanding, i.e., 70%, one 
can control the characteristics of the stent at body tem- 
perature. The goal would be to place the Af temperature 
for the first plateau (from maximum compression to 70% 
expansion) belcw body temperature such that the stent 
has self expanding characteristics. The Af temperature 
for the second plateau would be above body tempera- 
ture such that there is no additional self expansion in 
this region (70 to 100% expansion) a mechanical 
device, like a balloon, can then be used to custom size 
the stent between 70% and 100% of the high tempera- 
ture shape. Results of such a technique is shown in Fig- 
ure 7c. 

AMNESIA INDUCEMENT 

[0048] One of the characteristics of nitinol is cycle 
amnesia. This was also discussed about in the article 
referred to immediately above. As nitinol is cycled from 
its heat set shape as shown in Figure 7d, there is an 
increase in the amount of amnesia to recover to the 
heat set shape with each cycle. As long as this amnesia 
is not caused by permanent plastic deformation, the 
amnesia can be removed by heating the part above Md- 
This shows there is martensite left in the part after 
cycling which is preventing full recovery in the austenite 
phase Qust above Af). This presence of non recoverable 
martensite (below M^ is what may be used for the bal- 
loon expansion region of the stent 
[0049] Figures 8-V1 represent examples of various 
expandable configurations (a = closed, b - expanded) 
which may be incorporated into the devices of this 
invention. The version shown in Figures 10a and 10b 
may be modified as shown in Figures 10c and 10d 
(closed and open, respectively) by omitting portions 
(indicated at 100 in Figures 10c and 10d) as to render 
the stent flexible for articulation. This may be done to 
other of the structures as well to improve flexibility. 
[0050] Yet another version of a device incorporating 
the two component concept of the invention is shown in 
Figure 12. In this embodiment, a fragment of a stent 1 10 
is shown. The stent incV-Iss a self-expanding expo- 
nent 1 ?2 and a deformable, external force expandable 
component 1 14. Self expanding component 1 12 may be 
resilient spring-like metal such a stainless steel or it may 
preferably be a shape memory alloy in the austenitic 
state. Component 1 1 4 may be any deformable metal or 
the like such as annealed stainless steel or preferably a 
shape memory alloy in the martensitic state. The two 
components may simply be mechanically, welded or 
bonded together. Functions and operations are as 
described hereinabove. 

[0051] Referring to Figure 13 a version analogous to 
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the embodiment of Figure 12 is shown in which the two 
component concept is again embodied as different 
zones or portions of a single metal material. 
[0052] As shown in Figure 13, a stent 120 (fragment 
showing) is of a self-expanding component 122 and a s 
deformable component 124, both of which may be a sin- 
gle metal as spring steel or austenitic Ni-Tl which has 
been appropriately treated with respect to component 
1 24 as by localized heat treatment or the like to alter the 
characteristics of the material of the 122 component so io 
as to render it deformable or martensitic, depending on 
whether it is merely resilient or Is austenrtic. Again, func- 
tion and operation are the same as with other embodi- 
ments. 

[0053] Referring now to Figures 1 4-1 6, a multi-strand is 
braided stent is shown in Figure 15. Each strand 150 in 
the stent is a micro-cable. That is, each strand is made 
up of a plurality of wires 152 and 154 as is seen in Fig- 
ures 15 and 16. Each of the wires 152 and 154 consists 
of two different nrtinol alloys as seen best in Figure 16, 20 
or one nrtinol and one ordinary metal such as stainless 
steel, platinum or tantalum. The latter two would provide 
enhanced radiopacity. One nrtinol alloy wire 154 has an 
austenrtic finish (Af) temperature less than body temper- 
ature. The other wire 152 could be nrtinol having an Ag 25 
(austenitic start) greater than body temperature. Also, it 
could be an ordinary metal. Additionally, one or more of 
the strands may be of a biodegradable material such as 
a plastic or may be of a material including an absorba- 
ble drug. 30 
[0054] Since the two alloys are stranded into micro- 
cable one does not have to engage in selective, discrete 
heat treating methods to produce both shape memory 
and martensitic effects. 

[0055] . . Radiopaque portions or coatings may be 35 
included on any parts of these stents as is known in the 
prior art. 

[0056] While this invention may be embodied in many 
different forms, there are described in detail herein spe- 
cific preferred embod merits of the invention. This 40 
description is an exemplification of the principles of the 
invention and is not intended to limit the invention to the 
particular embodiments illustrated. 
[0057] The above Examples and disclosure are 
intended to be illustrative and not exhaustive. These 4S 
examples and description will suggest many variations 
and.a!tematiyes to one of ordinary skill in this art All 
these alternatives and variations are intended to be 
included within the scope of the attached claims. Those 
familiar with the art may recognize other equivalents to so 
the specific embodiments * described herein which 
equivalents are also intended to be encompassed by 
the claims attached hereto. 
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A tissue supporting device comprising a constrain- 
abte, self-expanding member of generally tubular 


shape, 

characterized in that the device comprises a first 
component of a resilient self-expandable material 
and a second component of a deformable and sub- 
stantially less resilient material than the first com- 
ponent, said second component being deformable 
by an external force but being non-serf-expandable; 
the member being containable to a deployable 
diameter in preperation for insertion into a patient; 
the member being serf-expancfing when uncon- 
strained to an intially deployed diameter due to the 
resiliency of the first component; the first and sec- 
ond components being so associated with respect 
to each other and the member such that the device 
may be further deformed due to the deformability of 
the second component by an external force to radi- 
ally enlarge the member to an enlarged fully 
deployed diameter for providing permanent tissue 
support. 

2. The device of claim 1 wherein the first and second 
components are of metal. 

3. The device of claim 2 wherein the first component is 
a spring metal and the second component is an 
annealed metal. 

4. The device of claim 1 wherein the first and second 
components are discrete components in the cir- 
cumference of the device body. 

5. The device of claim 1 wherein the first and second 
components are of a shape memory alloy. 

6. The device of claim 5 wherein the first and second 
components are of austenite and martensrte, 
respectively. 

7. The device of claim 6 wherein the first and second 
components are in the form of layers. 

8. The device of claim 1 wherein the first and second 
components are strands. 

9. The device of claim 1 wherein the first component is 
a nrtinol alloy. 

1 0. The device of claim 1 wherein the first compcxient is 
superelastic and the second component is any 
deformable material. 

11. The tissue supporting device of claim 1 wherein the 
self-expanding member comprises a self-expand- 
ing stent having a generally tubular body of a prede- 
termined fabricated diamter; wherein at normal 
body temperatures the first component is com- 
prised of a shape-memory, superelastic austenitic 
alloy component and the second component is 
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comprised of a shape-memory, martensitic alloy 
component; the superelastic austenitic alloy com- 
ponent having a transition temperature from mar- 
tensitic to austenrtic less than body temperature 
while the martensitic alloy component has a transi- 
tion temperature from martensitic to austenitic sub- 
stantially greater than body temperature, the 
martensitic alloy component and the superelastic 
austenitic alloy component being constructed, 
arranged and associated with respect to each other 
in comprising the stent such that the two alloy com- 
ponents act in combination to allow, upon transfor- 
mation of the first component from austenitic to 
martensitic at a temperature below the transition 
temperature, constraint of the stent to a deployment 
diameter smalle than the predetermined fabricated 
diameter and upon transformation of the first com- 
ponent from martensitic back to austenitic to self- 
expand the stent back to about the predetermined 
fabricated diameter at temperatures in excess of 
the transition temperature of the first component, 
the shape memory of the superelastic austenitic 
first component tending to form the stent to a larger 
diameter due to its shape memory but being 
restrained therefrom by the second martensitic 
alloy component whereby the first component can 
be deformed by external force without plastic defor- 
mation along with the second component to an 
enlarged stent diameter beyond that of the self- 
expanded diameter. 

12. The stent of claim 1 1 wherein the first and second 
components are in the form of layers in overlying 
relationship. 

13. The stent of claim 1 1 wherein the first and second 
components are different phases in an alloy. 

14. The stent of claim 1 1 wherein the first and second 
components are in the form of longitudinally 
arranged interconnected alternating rings. 

15. The stent of claim 11 comprised of a plurality of 
cable-like strands and wherein each strand is com- 
prised of a plurality of wires some of which are of 
the first component and some of which are of the 
second component. K . . r \ 

1 6. The stent of claim 1 1 wherein the alloy composition 
is about 50Ni/50Ti atomic weight percent 

17. The stent of claim 11 wherein the alloy is a cold 
worked alloy. 

18. The stent of claim 11 wherein the alloy is a pre- 
strained alloy. 

19. The stent of claim 11 wherein the alloy exhibits 


cycle amnesia. 
Patentanspruche 

5 1. Gewebestutzende Vorrichtung, welche ein kompri- 
mierbares selbstexpandierendes Element von im 
allgemeinen rOhrenfOrmiger Gestatt umfaftt, 
dadurch gekennzeichnet, daB die Vorrichtung eine 
erste Komponente aus einem federnden, selbstex- 

10 pandierbaren Material und eine zweite Kompo- 
nente aus einem verformbaren und im 
wesentlichen weniger als die erste Komponente 
federnden Material umfaBt, wobei die zweite Kom- 
ponente durch eine duBere Kraft verformbar, aber 

is nicht selbstexparxi erbar ist, das Element in Vorbe- 
reitung zur Einfuhrung in einen Patienten auf einen 
entfattbaren Durchmesser komprimierbar ist, sich 
das Element wenn nicht komprimiert, aufgrund der 
Spannkraft der ersten Komponente bis auf einen 

20 anfanglich entfafteten Durchmesser selbst expan- 
ded; (fie erste und zweite Komponente derart mrt- 
einander und mrt dem Element in Verbindung 
stehen, daB die Vorrichtung aufgrund der Verfbrm- 
barkeit der zweiten Komponente durch eine SuBere 

25 Kraft werter verformt werden kann, urn das Element 
radial auf einen vergrOBerten, vOllig entfalteten 
Durchmesser zu vergrOBern, um so eine perma- 
nent Gewebestutzung zu schaffen. 

30 2. Vorrichtung nach Anspruch 1 , wobei die ersten und 
zweiten Komponenten aus Metall bestehen. 

3. Vorrichtung nach Anspruch 2, wobei die erste Kom- 
ponente ein Federmetall und die zweite Kompo- 

35 nente ein geglQhtes Metall ist. 

4. Vorrichtung nach Anspruch 1 , wobei die ersten und 
zweiten Komponenten getrennte Komponenten 
innerhalb des Umfangs des VorrichtungskOrpers 

40 sind. 

5. Vorrichtung nach Anspruch 1 , wobei die ersten und 
zweiten Komponenten aus einer Formgedachtnis- 
legierung bestehen. 

45 

6. Vorrichtung nach Anspruch 5, wobei die ersten und 
zweiten Komponenten aus A*tsten& bzw. Martensit 
bestehen. 

so 7. Vorrichtung nach Anspruch 6, wobei die ersten und 
zweiten Komponenten in Form von Schichten vor- 
liegen. 

8. Vorrichtung nach Anspruch 1 , wobei die ersten und 
55 zweiten Komponenten Strange sind. 

9. Vorrichtung nach Anspruch 1 , wobei die erste Kom- 
ponente eine Nitinollegierung ist. 
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10. Vorrichtung nach Anspruch 1 , wobei die erste Kom- 
ponente superelastisch ist und die zweite Kompo- 
nente aus irgendeinem verformbaren Material 
besteht 

11. Gewebestutzende Vorrichtung nach Anspruch 1, 
wobei das selbstexpandierende Element einen 
selbstexpandierenden Stent mrt einem im allgemei- 
nen rOhrenfOrmigen Korper mit vorbestimmtem, 
vorgefertigtem Durchmesser umfaBt, wobei bei nor- 
mal er Korpertemperatur die erste Komponente aus 
einer superelastischen austenitischen Formge- 
ddchtnislegiemngskornponente und die zweite 
Komponente aus einer martensitischen Formge- 
ddchmislegiemngskomponente besteht, die super- 
elastische austenrtische Legierungskomponente 
eine Urnwandlungsternperatur vom martensiti- 
schen zum austenitischen unterhalb der Korper- 
temperatur hat, wdhrend die martensitische 
Legierungskomponente eine Urnwandlungsternpe- 
ratur vom martensitischen zum austenitischen im 
wesentlichen oberhalb der Korpertemperatur hat, 
und wobei tie martensitische und die superelasti- 
sche austenrtische Legierungskomponente den 
Stent bildend derart konstruiert, angeordnet und 
miteinander verbunden sind, daB die zwei Legie- 
rungskomponenten zusammenwirken, um es zu 
ermoglichen, durch Umwandlung der ersten Kom- 
ponente vom austenitischen zum martensitischen 
den Stent bei einer Temperatur unterhalb der 
Urnwandlungsternperatur auf einen Entfaltungs- 
durchmesser zu zwingen, der geringer als der vor- 
bestimmte, vorgefertigte Durchmesser ist und um 
durch Umwandlung der ersten Komponente vom 
martensitischen zum austenitischen eine Selbstex- 
pandierung des Stents bei Temperaturen oberhalb 
der Urnwandlungsternperatur der ersten Kompo- 
nente zuruck auf in etwa den vorbestimmten, vor- 
gefertigten Durchmesser zu ertauben, wobei das 
Formgedachtnis der superelastischen austeniti- 
schen ersten Kbmportente dazu neigt, den Stent 
aufgrund des FbrmgedScntnisses zu einem grOBe- 
ren Durchmesser zu for men, jedoch von der zwei- 
ten martensitischen Legiemngskornponente davon 
zurOckgehalten wird, wobei die erste Komponente 
durch eine duBere Kraft ohne plastische Deforma- 
tion zusammen-mit der zweiten Komponente auf 
einsn vergroBerten Stentdurchmesser oberhalb 
des Sefbstexpansionsdurchmessers verformt wer- 
den kann. 

12. Stent nach Anspruch 11, wobei die ersten und 
zweiten Komponerrten in Form von Qbereinander- 
liegenden Schichten voriiegen. 

13. Stent nach Anspruch 11, wobei die ersten und 
zweiten Komponenten verschiedene Phasen in 
einer Legierung sind. 


14. Stent nach Anspruch 1 1 , worin tie ersten und zwei- 
ten Komponenten in der Form von ftngsseitig 
angeordneten, miteinander verbundenen alter nie- 
renden Ring en voriiegen. 

5 

15. Stent nach Anspruch 11, bestehend aus einer vlel- 
zahl von kabeiahnlichen Strdngen, wobei jeder 
Strang aus einer Vielzahl von Drahten besteht, von 
denen einige aus der ersten Komponente und 

10 einige aus der zweiten Komponente bestehen. 

16. Stent nach Anspruch 11, wobei die Legierungszu- 
sammensetzung etwa 50 Ni/50Ti Atom-Gew.-% 
betrdgt 

15 

17. Stent nach Anspruch 1 1 , wobei die Legierung eine 
kalt bearbeitete Legierung ist. 

18. Stent nach Anspruch 1 1 , wobei die Legierung eine 
20 vorverformte Legierung ist. 

1 9. Stent nach Anspruch 1 1 , wobei die Legierung zyHi- 
sche Amnesie zeigt 

25 Revendications 

1. Dispositif de support de tissu comportant un 36- 
ment k expansion automatique, pouvant §tre com- 
print, ayarrt une forme de manifre g6n6rale 

30 tubulaire, caract6ris6 en ce que le dispositif com- 
porte un premier composant constrtu6 d'un mat6- 
riau 6lastique k expansion automatique et d'un 
second composant constitu6 d'un materiau d6for- 
mable et nettement moins dastique que le premier 

35 composant ledit second composant 6tant d6forma- 
ble par une force ext6rieure mais n'6tant pas k 
expansion automatique ; l'616ment 6tant comprint 
jusqu'd un diam&tre pouvant se employer en prepa- 
ration d'une insertion dans un patient, I'6l6ment 

40 6tant k expansion automatique, lorsqull n est pas 
comprint, jusqu'§ un diam£tre inrtialement d6pioy6 
du fait de I'&asticrte du premier composant ; le pre- 
mier et le second composant 6tant associ6s I'un k 
I'autre et k I'6l6ment de telle sorte que le dispositif 

45 peut §tre encore d6form6 du fait de la capacity de 
deformation du second composant par une force 
ext6rieure pour agrandir radialement r*ei6roent et 
jusqu^ un diam&re enticement d£ploy6 plus 
grand pour fournir un support permanent du tissu. 

50 

2. Dispositif selon la revindication 1, dans lequel le 
premier et le second composant sort des mGtaux. 

3. Dispositif selon la revendication 2, dans lequel le 
55 premier composant est un m&al pour ressort et le 

second composant est un m6tal recuH. 

4. Dispositif selon la revendication 1, dans lequel le 
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premier et le second composant sont des compo- 
sants sgpares de la tirconference du corps du dis- 
positif. 

5. Dispositif selon la revendication 1, dans lequel le s 
premier et le second composant sont constitu6s 
d'un alliage a memoire de forme. 

6. Dispositif selon la revendication 5, dans lequel le 
premier et le second composant sont constitute w 
d'austenite et de martensite, respectivement. 

7. Disposrtif selon la revendication 6, dans lequel le 
premier et le second composant sont sous la forme 

de couches. is 

a Dispositif selon la revendication 1. dans lequel le 
premier et le second composant sont des torons. 

9. Disposrtif selon la revendication 1 , dans lequel le 20 
premier composant est un alliage de nrtinol. 

10. Dispositif selon la revendication 1, dans lequel le 
premier composant est siper-elastique et le 
second composant est un materiau deformable 2s 
quelconque. 

11. Disposrtif de support detissu selon la revendication 
1, dans lequel lament a expansion automatique 
constitue un elargisseur a expansion automatique 30 
ayant un corps de mani&re generate tubulaire d'un 
diametre fabrique predetermine, dans lequel a des 
temperatures corporelles normaJes le premier com- 
posant est constitue d'un composant cf alliage aus- 
tenrtique super-eiastique, a memoire de forme, et le 35 
second composant est constitue d'un composant 
d'alliage martensrtique, a m^moire de forme ; le 
composant cfalliage austenrtique super-eiastique 
ayant une temperature de transition de la marten- 
site vers I'austenite plus petite que la temperature 40 
corporelle alors que le composant d'alliage marten- 
srtique a une temperature de transition depuis la 
martensite jusqu'a I'austenite nettement plus 
grande que la temperature corporelle, le compo- 
sant d'alliage martensrtique et le composant 45 
d'alliage austenrtique super-eiastique etant cons- 
truits, agences, et associes Tun a I'autr? en consti- 
tuant reiargisseur de corte que les deux 
composants allies agissent en combinaison pour 
permettre, lors de la transformation du premier so 
composant depuis I'austenite en martensite a une 
temperature en dessous de la temperature de tran- 
sition, de comprimer reiargisseur jusqu'a un diame- 

tre de d6ploiement plus petit que le diametre 
fabrique predetermine et lors de la transformation ss 
du premier composant depuis la martensite en 
retour vers I'austenite d'expanser automatiquement 
reiargisseur en retour pratiquement au diametre 


fabrique predetermine a des temperatures depas- 
sant la temperature de transition du premier com- 
posant, la memoire de forme du premier 
composant austenrtique super-eiastique tendant a 
donner a reiargisseur un diametre plus grand du 
fait de sa memoire de forme mais etant comprime a 
partir de celui-ci par le second composant d'alliage 
martensitique de sorte que le premier composant 
peut etre deforme par une force exterieure sans 
deformation plastique ainsi que le second compo- 
sant jusqu'a un diametre d'eiargisseur agrandi au- 
dela de celui du diametre expanse automatique- 
ment. 

12. Elargisseur selon la revendication 11, dans lequel 
le premier et le second composant ont la forme de 
couches cfisposees en se recouvrant. 

1a Elargisseur selon la revendication 11, dans lequel 
le premier et le second composant sont des phases 
dfferentes dun alliage. 

14. Elargisseur selon la revendication 11, dans lequel 
le premier et le second composant ont la forme 
cfanneaux altemes relies mutuellement, agences 
longitudinalement 

15. Elargisseur selon la revendication 11, constitue 
cfune plural rte de torons analogues a un cable et 
dans lequel chaque toron est constitue de plusieurs 
fits dont certains sont du premier composant et 
dorrt certains sont du second composant 

16. Elargisseur selon la revendication 11, dans lequel 
la composition cfalliage a un pourcentage en poids 
atomique d'environ 50Ni/50Tl. 

17. Elargisseur selon la revendication 11, dans lequel 
Palliage est un alliage travailie a froid. 

18. Elargisseur selon la revendication 11, dans lequel 
I'alliage est un alliage precontraint 

19. Elargisseur selon la revendication 11, dans lequel 
I'alliage presente une amnesie de cycle. 
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